Executive Summary
The Big Sky Carbon Sequestration Project is attempting to characterize the carbon sequestration potential in the agricultural and forest areas of the 4-state region, comprising Idaho, Montana, South Dakota and Wyoming. This study addresses the portion of that potential related to agroforestry practices and biomass production on agricultural lands, as well as afforestation of marginal agricultural soils and changing the management of existing private forests. None of these opportunities are overwhelmingly large, as one would expect in a region characterized by a high proportion of federal land, vast areas of arid and semi-arid ecosystems, and widely scattered production areas. But they could be important contributors to state, regional, and national efforts to mitigate greenhouse gas emissions in the near term, as these management practices are available immediately, with mature technologies that are widely known to landowners and technical agents in the region. In the event that carbon sequestration were to gain some market value, these opportunities could become a badly-needed supplement to income in a region dependent on agriculture and forestry for much of its rural economy. Table 1 illustrates the estimates produced by the study. These estimates have a high degree of uncertainty, in that while most of the practices are well established, the policies and incentives to implement them are not. An example is found in the agroforestry practice of field windbreaks. The values of field windbreaks for soil erosion reduction, soil moisture retention, fuel use reduction, and farm yield protection have been known for decades, and there have been federal cost-sharing incentives since the 1930's. But there are still thousands of acres where windbreak protection would be beneficial, but remains undone. Farmers have resisted the existing incentives, and it is not yet clear how an added incentive tied to carbon sequestration would make a significant difference. Table 1 contains estimates that reflect the total physical area in the region that is suitable for each practice. While these lands are available in the physical sense, they do not reflect actual implementation. The "potential area" is an author's estimate of what is most likely to be realized over the next 5-10 years unless much additional work is done to produce the policy, economic, and institutional support needed to assure increased success. Table 1 suggests a total agroforestry, biomass, and forest opportunity in the range of 9 -15 TgCO 2 e per year on the non-federal lands of the region. In comparison, USDA currently estimates that the forests of the region (including federal forests) are sequestering around 41 TgCO 2 e per year (Table 8) . Thus, while 9-15 will not represent a huge national or global impact, it would mean that activities on private lands could increase regional sequestration by 25 to 35 percent. That, accompanied by the many other environmental values associated with improved carbon sequestration practices, would seem substantial.
Background of the Study
The Sampson Group, Inc. is a contributor to the Big Sky Carbon Sequestration Partnership, working together with other institutions and organizations under sponsorship of the U.S. Department of Energy to coordinate a study of the carbon sequestration opportunities in the region encompassing the states of Idaho, Montana, and South Dakota (www.bigskyco2.org). Wyoming has recently joined the partnership, as well, thus data for Wyoming have been included in this study.
This study is designed to contribute to the task of evaluating the terrestrial sequestration potential in regional ecosystems through forestry, agroforestry, and bioenergy opportunities. 
The Big Sky Land Base
The Big Sky region, for the purposes of this paper, consists of the states of Idaho, Montana, South Dakota, and Wyoming (Figure 1 ). Large areas of arid and semi-arid grazing and croplands are common on the eastern and southern sides of the region, while forested mountainous areas characterize the west. Average annual precipitation rates are highly variable (Figure 2) , and even more locally variable in mountainous forest areas where topography and micro-climatic change significantly affect growing conditions. The region is 40% federal land (Table 2; Figure 3 ). These lands are included in the federal Greenhouse Gas Inventory (USDA 2004) that is outlined below (Tables 7 &  8) , but are excluded from the estimates of potential opportunity for the creation of additional GHG reductions through state or market programs for carbon sequestration. The exception to this was in the analysis of potential for biomass fuels, where the federal forest land was included as a potential source of woody biomass. This analysis focuses on the 161 million acres of rural, non-federal land in the region, estimating the potential for increasing carbon sequestration through forestry, agroforestry, and bioenergy strategies. Source: USDA-NRCS 2000; 1997 NRI, Table 1 , National Summary.
The current (1992) use of non-federal rural land is indicated in Table 3 . We used the 1992 NRI data (as corrected in 1997) (USDA-NRCS 2000) for this analysis since the only available land use/land cover geographic data was developed in 1992 (USGS 1998). The NRI data provides an independent source against which to test the GIS-derived estimates of potential land use change for improving carbon sequestration. The GIS-derived estimates were derived by identifying areas of non-forested land as shown by the 1992 National Land Cover Data (NLCD) (USGS 1998) that occurred on general soil types that supported native forest cover, as shown by the STATSGO general soil map (USDA-NRCS 2004) . For a fuller explanation of how the potential land use change estimates were derived, see Appendix A. Both the NRI and NLCD for 2002 are in development, and the analysis could be fairly easily updated when both become available for use. Source: USDA-NRCS 2000; 1997 NRI, Table 2 , National Summary.
Much of the cropland (19%) in the region is irrigated (Table 4) . The opportunities identified in this paper for converting marginal crop and pasture land to forest are limited to non-irrigated cultivated cropland where soils and climate conditions could support forest growth. Irrigation is too expensive to be used for growing forest (with the possible exception of fast-growing hybrids), and this land would be too arid for trees if the irrigation was discontinued, so irrigated cropland was not considered an opportunity for conversion. Non-cultivated cropland is largely meadow hayland, hayland, vineyards, or orchards, so was also not considered a high opportunity for conversion. While the non-irrigated cropland area is large, only a portion lies in climate zones where trees are adapted. The GIS analysis used to identify those climate zones is described in Appendix A. Source: USDA-NRCS 2000; 1997 NRI, Table 3 , National Summary.
Land use change has not been a major factor in the region since 1982, as illustrated in Table 5 . Virtually all of the Conservation Reserve land that has been established has come from cropland, and this land retirement was the main factor in a cropland reduction of about 3.5 million acres (8.2%) over the past 15 years. Both the total area (~ 11 million acres) and the individual sample plots on nonfederal forest land have been essentially unchanged since 1982 (the margin of error in the 1982 and 1997 total estimates is around 500,000 acres, so the changes are not statistically significant).
Implementation of the most recent signup in the CRP program has resulted primarily in the conversion of cropland to grassland, as shown in Table 6 . Even in the counties where conversion to trees looks biologically possible, the amount of CRP land planted to trees has been very low. These factors suggest that conversion of marginal cropland to trees is a difficult "sell" in this region, even in those counties where trees are a logical option. This is not a recent phenomenon, nor is it limited to this region. Esseks et al. (1992) found that farmers outside the Southeast, where forest production is a common practice on private lands, were generally unwilling to commit to the permanence of forest cover and opted, instead, for the land use flexibility of planting a grass cover. One possibility, largely unused to date, is the potential for the Conservation Reserve Enhanced Program (CREP) for establishing riparian forests to enhance water quality. 
Greenhouse Gas Emission Inventory
The U.S. Department of Agriculture has conducted a comprehensive assessment of greenhouse gas emissions and sinks in U.S. agriculture and forests (USDA 2004) . Estimates are provided at State, regional, and national scales, categorized by management practices where possible. The estimates are consistent with those published by EPA in the official Inventory of U.S. Greenhouse Gas Emissions and Sinks that was submitted to the United Nations Framework Convention on Climate Change in April 2003. For the Big Sky Region, cropland soils were estimated to be an annual sink of 5.4 TgCO 2 e (Table  7) , while forests (not counting soils or forest products) were estimated to be a sink of 40.8 TgCO 2 e per year (Table 8 ). (Tg stands for teragrams, or million metric tons.) Negative numbers indicate net sequestration.
1 Losses from annual cropping systems due to plow-out of pastures, rangeland, hayland, set-aside lands, and perennial/horticultural cropland (annual cropping systems on mineral soils, e.g., corn, soybean, cotton, and wheat). 2 Perennial/horticultural cropland and rice cultivation.
3 Gains in soil carbon sequestration due to land conversions from annual cropland into hay or grazing land. 4 Total does not include change in soil organic carbon storage on federal lands, including those that were previously under private ownership, and does not include carbon storage due to sewage sludge applications.
Source: Appendix Table B 
Forestry Opportunities for Carbon Sequestration in the Big Sky

Afforestation
We define the biological opportunity for afforestation as all non-federal, nonforest land (primarily cropland and grassland) identified in the 1992 NLCD data in areas where the STATSGO soil survey (USDA-NRCS 2004) identifies woodland as being the native vegetation (Figure 4 ). See Appendix A (Tables A-1 and A-2 for the classifications used.) That estimate may overstate the real biological opportunity, since some of those sites have been degraded by soil erosion to the point where an ecological type change has occurred that may prevent successful re-establishment of trees. That overestimation has been taken into account by discounting the estimates of feasible afforestation from the estimate of total suitable land. The amount of discount was based on the current land use and the forest type suitability (Appendix Table A To develop estimates of the impact of afforestation, tables were developed by state indicating the current non-forest area that coincided with a native forest type. These were then combined in a regional table (Appendix Table A -3) . See Appendix A for a description of the analytic methods used. Average annual forest growth estimates were developed from Birdsey (1996) (Appendix Table A -4) . Estimates of potential timber volume growth were developed by multiplying the acreage of land available to be afforested times the average annual growth rate of the appropriate forest type.
The estimates of potential timber volume growth were converted to carbon dioxide equivalents by the factors published by Birdsey (1992 Birdsey ( , 1996 . When the specific factors are applied to the species in the region, they range from 88 to 127 lbs CO 2 e per ft 3 of timber grown.
The resulting biological opportunity is around 44.6 TgCO 2 e per year (Appendix Table A -5) on the region's non-federal lands. This estimates the upper limit of potential afforestation impact. This would represent a significant impact, more than doubling the amount of sequestration currently occurring in the forests of the region (Table 8) . If the estimate of available, suitable acres (34.3 million) is reasonable, however, the estimated sequestration rate is about 1.3 tCO 2 e per acre per year. That is conservative, as there are existing default factors, such as those used by the Chicago Climate Exchange, that run in the range of 1.4 to 1.5 tCO 2 e per year.
Since it is anticipated that only a small portion of the potential will be realized (and that it will be realized at a different rate for different existing land uses and timber types, see Table A -6), a final table (Table A-7) was constructed based on an author's estimate of the potential for conversion, based on experience in the region. These factors can be debated by experts in the region and changed to reflect other opinions. The impact of this calculation was to reduce the biological potential estimate by nearly 90%. In other words, we think it reasonable for the region to seek a goal of sequestering about 10% of the total biological opportunity available for afforestation (Table A-7) .
On this basis, we estimate that the potential for additional carbon sequestration from an effective afforestation program in the 4-state Big Sky Region is in the range of 5 TgCO 2 e per year. The range of uncertainty in the estimate is significant, running from near zero to an upper estimate of some 15-20 TgCO 2 e per year. That would suggest an increase in the range of 10 to 50% compared to what is currently sequestered in all the region's forests ( Table 8 ). Given that Table 8 includes millions of acres of federal forestlands, such a potential increase from the limited amount of non-federal forests is fairly significant. An economic supply curve could be constructed that would estimate the prices that might be required to realize the quantities within this range, but that is beyond the scope of this paper.
Forest Management
The analysis for forest management opportunity is based on data from the 1997 National Resources Inventory (NRI) that, for the first time, included an attribute for woodland species on the non-federal lands (USDA-NRCS 2000) . Here, the land that was forest in 1997 was tabulated by forest type. There are no data on forest age or condition, how intensively these forests are currently being managed, or what opportunities might exist to improve that management through practices like enrichment planting (to fill understocked stands), thinning to improve health and growth in overstocked stands, or fertilization. The carbon dynamics in these forests can also be changed by lengthening the growing rotation on managed forests to provide larger trees, and larger wood products that last longer in use (Row 1996) . Table 9 contains 1997 estimates of non-federal forest by species groups as one basis for understanding the potential for carbon sequestration through improved forest management. The next question that arises is the extent to which the existing forests can be managed differently to increase carbon sequestration. Not knowing the level of current management intensity, we applied general factors across the area, recognizing that on any one forest, the departures from average will likely be significant.
There are some forest types that are more likely to be managed for improved growth and productivity than others. One example would be ponderosa pine versus pinyon pine. Ponderosa is widely managed for timber and other forest values, while pinyon is generally a scattered forest across broad areas that are primarily used for grazing land by private landowners. Thus, pinyon/juniper is one forest type that is unlikely to be managed to increase carbon sequestration. Most of the western hardwoods in the Big Sky Region probably fall into this category, as well. Based on these factors, the forest types were divided into three classes on the probability that state or regional carbon sequestration programs would be likely to impact forest management (Table 10) .
As a general rule, the average annual carbon sequestration impact from changing forest management is quite low (Table 10) . Lengthening harvest rotations, thinning and weeding for improved species adaptation and forest health, inter-planting to achieve optimum stand density, and fertilization all can change forest growth dynamics, but the region's forest types are fairly slow-growing, and changing management does not impact the annual change in standing biomass rapidly. The result is fairly low estimates of potential annual impact from forest management. The large area involved, almost 10 million acres in the "high" and "medium" categories, result in fairly significant estimates of potential impact. The bottom line of 1.5 to 2 TgCO 2 e/yr, would represent a change of some 3-5 percent in the region's currently estimated annual forest sequestration (Table  8) . 
Agroforestry Opportunities
Field Windbreaks
The analysis for field windbreak needs and opportunities is based on data from the 1997 NRI (USDA-NRCS 2000). We used the NRI to identify all non-irrigated cropland with an erosion index (EI) of 5 or higher that did not have windbreaks or crosswind stripcropping established in 1997 (Table 11) . These lands may have other erosion control practices such as conservation tillage, vegetative soil traps, or other herbaceous wind barriers, but there is a good indication that windbreaks would be a helpful addition to the wind erosion control strategy on many of them, and the carbon sequestration impacts would be an added benefit to the landowners and the environment. (Soils with EI values over 5 are erodible, and USDA classifies those with EI values over 8 as highly erodible (USDA-NRCS 2000)).
For those erodible dry croplands, we estimated that field windbreaks occupying 5% of the cultivated surface area would be a realistic goal for the establishment of needed windbreaks (Brandle et al., 1992a) . At an average one-row windbreak width of 16½ feet, such a windbreak would occupy 2 acres per mile. At 8 to 10-foot spacing between trees, there would be 530 to 660 trees per mile. The carbon sequestration rate was estimated at 3 tCO 2 e per acre per year (Table 11, see Table 12 for representative species). No credit was given for the emissions reductions inherent in the soil conservation effect of windbreaks, or the reduction in cultivated area and associated fuel and fertilizer use, etc. What is clear, however, is that field windbreaks offer significant ancillary environmental benefits in addition to their impact on carbon sequestration (Brandle et al., 1992b) . Work is currently underway at the University of Nebraska to develop more definitive tables of sequestration in windbreaks, and could become available for use in the near future (Table  12 , Zhou and Brandle, unpub.). After Zhou and Brandle, unpub.
Riparian Forest Establishment
Many of the private lands with soils adapted to forest establishment are in riparian areas, particularly in the drier areas of the region. A close inspection of the forestgrowing soils (Figure 4) shows many linear patterns, particularly with the western hardwood types. These patterns outline stream valleys for the most part, and the forest opportunities there are significant. The ancillary environmental benefits to water quality and wildlife habitat are also important in these riparian areas. Table A-3 indicates 1.5 million acres of western hardwood sites in the region, which is one indicator of the riparian forest opportunity. Yields will respond in these areas due to favorable soil and moisture conditions, leading to an estimated carbon sequestration gain of 2 -2.5 TgCO 2 e per year if one-half of these lands were planted to species such as cottonwood, willow, and other adapted local species with yields of around 3 tCO 2 e per acre per year.
Biomass Energy Opportunities
The use of biomass as a substitute for fossil fuel (primarily coal) is an excellent opportunity to replace fossil carbon emissions with renewable fuels that grow and sequester carbon in the same general time as the emissions occur. Thus, the use of biomass is often referred to as an offset for fossil emissions (Klass 1998; Sampson et al. 1992) .
Biomass for fuel can be harvested from existing forests, particularly those that are overstocked and need thinning. Thinning that removes small trees and ladder fuels can be a major contributor to helping these forests become less susceptible to uncharacteristic wildfires, improving forest health, and opening up overcrowded forests for additional biological diversity (Sampson et al. 2001) .
While it is possible to build power plants that rely solely on biomass fuels, another opportunity lies in co-firing biomass in existing coal-burning power plants.
Research indicates that firing with up to 10 percent biomass is technically feasible and provides reductions in pollution emissions, including carbon dioxide emissions (Payette and Tillman 2004) . Biomass, while having several environmental advantages, can also be used effectively in co-firing despite supply variations due to things like annual weather or harvest conditions. The coal plant is not dependent on the biomass, so if a yield shortfall occurs, the plant is not forced to cut back on production.
One of the key economic limitations in biomass energy production is the transportation costs involved in moving heavy, low-value fuels large distances. For that reason, many authors suggest that a radius of about 50 miles is reasonable in calculating the region that can feasibly supply biomass fuel to an existing power plant (Klass 1998) . Figure 5 shows the existing coal-fired power plants in the Big Sky Region, according to the 2002 version of the eGRID database produced by the Environmental Protection Agency (USEPA 2003) . A GIS analysis estimated the 1992 land cover/land use within a 50-mile radius of each plant. This analysis included federal lands, because federal lands in the region are in serious need of thinning to restore forest health and fire adaptability (Sampson et al. 2001) .
Growing short-rotation crops like hybrid poplar or willow on agricultural land produces biomass yields in the range of 4-10 dry tons per acre per year (Tuscan 2000) . Switchgrass should produce about 4 dry tons per acre per year on dry croplands in eastern South Dakota (Graham et al. 1996) . Limited rainfall will preclude its growth west of there, according to the ORNL data (Graham et al. 1996) . Thinning overcrowded forests produces one-time biomass yields of around 15 tons per acre (Sampson et al. 2001) . Although heat values vary considerably with the moisture content of biomass fuel, we assumed that 1 bone dry ton (BDT) of biomass would produce 1 MWH of electricity. Thus, around 8,700 BDT of biomass is needed to produce 1MWH for a year.
There is a significant difference in these biomass sources, however. Farmproduced biomass (switchgrass or short-rotation woody crops such as hybrid poplar) should yield around 4 tons per acre per year on a sustained basis. Thinning overcrowded forests is largely a one-time biomass removal, since converting the forests to a more sustainable condition will result in fewer small and uneconomic stems in the future (Sampson et al. 2001 ). There will be future production that may need removal by mechanical means, but the average per-year production rate will be slow. Thus, a power plant dependent on forest thinning needs an available acreage that is some 25-30 times larger than what is needed for its annual consumption. Estimated on the basis of 1 BDT yielding 1 MWH of power. This analysis suggests that there are significant differences between locations as to the possibility of co-firing biomass from agricultural or forest sources. Some (i.e. 1 and 2) are located in the midst of irrigated agricultural areas where production costs might be too high to support biomass production. Forest resources are plentiful within 50 miles, and may be a better opportunity. Some plants (i.e. 3,8,9,11,12 , and 13) would clearly be too large to be considered for agricultural inputs since they are so large in comparison with the available cropland nearby. Others (3, 7, 8, 9, 11, 12 , and 13) would overwhelm surrounding forest resources because of their size. Some of the smaller plants (i.e. 1,2,4,5,6, and 10) may be potentials for consideration as a co-firing opportunity.
Those six plants were responsible for annual emissions of 2.5 TgCO 2 e in 2000, according to the eGRID data, so if co-firing were feasible on all of them, a reduction of some 0.25 TgCO 2 e per year may be realized. While it is unlikely that all of this could be realized by co-firing, the estimate could also under-estimate the future opportunities if the current trend toward building new fossil-fired power plants were to include biomass cofiring as part of initial design, or if new technologies or economic conditions make construction of dedicated biomass plants feasible. 
Procedures
The GIS analysis was conducted in several steps. The first step determined existing areas on non-federal lands that would be available for afforestation on the basis of current use (mainly cropland or pasture). The second step determined soil and climate situations suitable for afforestation based on the STATSGO data. The third step combined the outputs of the first two steps to compute a Final Suitability layer. Finally, the tabular data were converted from acres of potential forest into estimates of sequestration by primary forest groups, based on projected average annual yields of timber converted into its equivalent carbon dioxide sequestration impact.
Step 1-NLCD land cover on non-federal lands
The Federal Lands layer was first clipped to the Big Sky states within the scope of the project: Idaho, Montana, Wyoming and South Dakota. The polygons associated with the Indian Reservations and null values were then removed from the resulting federal land layers, since the Indian Reservations are considered potential cooperating lands for the purposes of this study. Each state-clipped federal land layer was converted to a raster grid with the same resolution (30m) and extent of the NLCD layer associated with each particular state. The resulting grids were then reclassified, so that the cells containing federal land held a value of zero and all other cells contained a value of one.
A raster calculation within each state multiplied the reclassified federal lands grids and the NLCD grids. The resulting grids contained a value of zero where federal lands exist and the previous value of the NLCD classification in all other areas.
Not all NLCD classes are available for afforestation (Table A-1) . Areas already classified as forests, and areas such as urban, wetlands, etc., were excluded from the analysis. In order to isolate the suitable areas, the non-federal NLCD grids were reclassified to remove the cells that contained unsuitable values. The result provided maps and area estimates of the non-federal land within each state that is potentially available for afforestation based on NLCD classifications (Figure 4 ). (Note: this map contains areas unsuited for forests due to soil and climate conditions.) Step 2-STATSGO suitability For step two, the STATSGO data layers and their associated tabular data were analyzed for each state. To determine areas that are suitable for growing trees the 'woodland' table was joined to the base STATSGO layers. By doing so, the attributes identify polygons with soil and climate characteristics appropriate for growing trees. Only these areas in each state were included in further analysis.
The 'woodland' table also provides a native forest type based upon the soil and climate features. To simplify our analysis, we grouped the STATSGO forest types into nine groups (Table A-2). The federal lands were then removed, by clipping the forest group polygons to the non-federal lands layer created from the original Federal lands data. The resulting layer contained the areas of non-federal land that are suitable for afforestation based upon the STATSGO data (Figure 4 ). Step 3-Final Suitability The final map layer identified areas available for afforestation by the NLCD (current cover is not forest) and potentially suited to forests according to STATSGO. These layers were combined by converting the STATSGO suitability layers to grids with the same resolution (30m) and extent of the NLCD suitability layers associated with each particular state. Each cell of the new STATSGO grids contained the forest type code (created in step 2) for the potential forest spatially associated with each particular cell.
This forest-type grid was then reclassified so that all cells containing a forest-type were given a value of 1 and all other cells contained a value of zero. A raster calculation was then performed between this reclassified grid and the NLCD suitability grid. This created a new layer that contained the NLCD codes in the areas determined suitable for growing trees by the STATSGO data.
In order to determine area estimates of potential afforestation by forest types, the original forest type grid values need to be incorporated with the NLCD values. This gives the area of potential afforestation by 1992 land cover and potential forest type. Another raster calculation is done between the suitable soil forest types and the original NLCD grid that contained the non-forest values.
Unfortunately, these grid values could not be simply added together, because the results would contain integers with potentially non-unique or overlapping values. In order to maintain the integrity of both the NLCD values and the forest group values, NLCD values were multiplied by 100 and then the forest type values were added to that number. The result was a grid with each cell identified by a four-digit number. The first two digits referred to the NLCD code associated with that cell, the third number was a zero (meaning nothing, but a place holder or separator) and the fourth number contained the forest type code associated with that cell. (Thus, a grid cell with an attribute of 7101 indicated an area of current grassland with the soil and climate potential to grow ponderosa pine.)
Step 4. Developing afforestation and carbon sequestration estimates
The final suitability grid was entered into a spreadsheet model and analyzed for potential afforestation acreage estimates within each state. Since each grid represents 900 m 2 , multiplying the number of grids by 900 and dividing the result by 4047 converted the area to acres. A cross-tabulation produced a table showing current cover and potential forest type. These estimates were developed for each state and rounded to 1,000 acres to avoid the appearance of high precision. Table A-3 gives the results for the 4-state Big Sky Region -an estimate of some 34.3 million non-federal acres that are not now in forest, but that are biologically capable of supporting forest growth. *Factors for lbs. C per cubic foot and multiplier to total tree C taken from Birdsey (1996) . Multiplied by 3.67 to produce CO 2 e.
The final steps in the calculation were to estimate forest yields in terms of carbon sequestration. Yield estimates (in average ft 3 of timber per acre per year for a 50-year growing period) were taken from Birdsey (1996) where available, and estimated by the authors for species not covered in Birdsey (Table A-4) . If improved local data are found, they can be readily substituted into the spreadsheet model for updating.
The estimated yields were then multiplied times the areas estimated in Table A -3 (in thousands of acres), and the product multiplied by the pounds of total CO2e (Table A-4) , then divided by 2204 to convert to thousands of tonnes, and divided again by 1000 to convert to million metric tonnes of CO 2 e (TgCO 2 e). The results were the biological estimates. (Table A- Note: All estimates smaller than 0.05 Tg rounded off to zero.
Table A-6 estimates the impacts of an afforestation program based on current cover and potential forest. These reductions were made as an author's estimate, and could be changed on the basis of regional expert review and comment or further studies such as a supply curve related to possible future carbon credit prices. Such a study was beyond the scope of this paper. 
